The regulation of a profession is justified when it improves consumer protection and public health. Higher education food science and technology (FST) degrees, widely offered in many universities in Europe open to a wide range of jobs in the food sectors where the employees could cover different positions, roles and carry out diverse activities dealing with the food production and the quality and safety of the food products. This work reviews the state of the art of the FST regulated professions requiring higher education qualifications in the European countries. The research was carried out by collecting specific information on regulated professions by contacting unions, professional associations, public servant categories/professions, and by visiting national and EU websites. The data collected for each regulated profession were: country, training/education required, date of implementation of regulation, professional training (if required), capability test (if required) and acts required by law to be signed by a regulated professional. Only professions that required a higher education diploma were included in this search. Few countries were found to have a regulated profession in FST, in particular: Food Engineering (Turkey), Food Technologist (Greece, Iceland, Italy and Slovenia), and Oenologist (Italy, Portugal and Spain). FST regulated professions in Europe are thus scarce and have a rather limited history. The Food Technologist in Italy and the Food Engineer in Turkey were found to be the only completely regulated professions found in Europe. Food and professional regulation have been evolved over the years and raised the debate on the regulation of FST professions. Academia as well as other policymakers has to further contribute to this discussion to keep high the standards for quality of education and training of the qualified workforce and professionals in the food sector.
activity in the world and in the EU, where the Food and Drink industry is the leading manufacturing sector exceeding e1000 billion turnover (FDE, 2012) . The large workforce in the food sector comprises a variety of professionals having different levels of education and training (e.g. secondary school, 1 st or 2 nd level degree, PhD) in technical and scientific areas of food science and technology/engineering and/or of foodrelated ones such as agriculture, chemistry, economics, medicine and nutrition, and they may have different occupation and job responsibilities (research, development, quality assurance and control, production) in various public and private food-related entities. The food technology/engineering scientific area is a rather new discipline that developed in Europe in the early 1950s (Kostaropoulos, 2012) along with education courses and degrees based on an integrated knowledge to respond to the highly specific skills and competences required by the food manufacturing sector aimed at guaranteeing the quality and safety of foods for consumers. The distinctiveness of graduates in Food Science and Technology or Food Engineering, according to the country, is related to the multidisciplinary and highly specialised knowledge and science-based skills in food and in the processes needed to achieve food products with high quality and safety in agreement with legal requirements and consumers' expectations. Nowadays, Food Science and Technology/Engineering degrees are included in the educational offer of many universities in all EU countries even if many factors contributed to the development of courses with a large variety of learning outcomes and branches (science vs engineering), sectors of specialisation (technology, engineering, nutrition, safety, quality, food production chain) and degree titles. Graduates find jobs in various positions offered by the industry, public and private research centres, consultancy in the food sector as well as those related to food (e.g. packaging, raw materials production, food service). In this framework, FST professions play a key social role in keeping up standards and protecting the health of the consumers, giving food professionals the overriding responsibility of the assurance of the quality and safety of foods. These activities create a demand for highly qualified, experienced and certified specialists, who can, thanks to their skills, contribute to the achievement of the quality objectives of the complex and increasingly demanding food supply system. As a more general observation, the activity of food professionals and their impact on the health, safety and wellbeing of human society can be somehow compared with that of other professions like doctors, engineers and veterinarians, which for these reasons are officially recognised and regulated professions by law and/or by public authorities at national and/or EU level. The attractiveness of either a profession or a group of professions is affected by a number of determinants. Those that affect the choice of a career can be either personal or situational (Super, 1980) . Personal determinants may be awareness, attitudes, interests, needs-values, aptitudes and biological heritage. Situational determinants may be social structure, historical change, socioeconomic organization and conditions, employment practices, school, community and family. Of all these determinants, some of the situational ones can be modified by economic and employment politics, promoting the conditions to attract people to certain professions. According to Katz (1993) , referred to by Reardon, Lenz, Sampson Jr, and Peterson (2000) , at the time of choice of a profession, the main values are income, prestige, independence, security, variety, leadership, field of interest, leisure, early entry and helping others. The conclusions of the Archipelago of Thematic networks in the fields of Sciences and Technology forum in 2007 (TechnoTN, 2007 ) also stated some of these factors has being highly influential when choosing a profession. Clearly, high income and prestige are very important factors and these are usually characteristics that can be found in regulated professions as the lawyer or the medical doctor, professions that have existed for a long-time and are widely recognised by the society. With the increasing innovation of the food industry and complexity of its services and products, consumer protection and public health policies may also justify the regulation of FST profession(s). The official recognition of a profession along with its regulation could also be a way of promoting its social and economic value that currently seems underestimated in the case of the jobs and positions in the food sector. Regulation of professions is justified when it improves consumer protection and public health (Garoupa, 2004) . Moreover, the regulation of FST professions could also favour their attractiveness. However, the purpose of regulation of a profession should be justified by its public interest and in the case of FST professions it is related to the assurance of consumer safety and/or correction of the asymmetry of information (for example, adverse selection of the worker in a specific role or position because of the employer's and/or consumers' lack of ability to judge and assess his/her skills and knowledge) when acquiring the services of the professionals (Garoupa, 2004) . With EU financial support, TRACK FAST (https://www.trackfast.eu/) was a project involving 27 institutions from 16 European countries focused on the improvement of the skills and the attractiveness of FST professions through several ways, with particular emphasis on the study of regulation of professions. In this paper the results of the analysis of the state of the art of the FST regulated professions requiring Higher Education qualifications in European countries is reported along with the differences between countries, as well as between the FST and other regulated food-related professions.
Methods

Premises
According to the Directive, 2005/36/EC of the European parliament and of the council of 7 September 2005 on the recognition of professional qualifications, a "regulated profession' means "a professional activity or group of professional activities, access to which, the pursuit of which, or one of the modes of pursuit of which is subject, directly or indirectly, by virtue of legislative, regulatory or administrative provisions to the possession of specific professional qualifications; in particular, the use of a professional title limited by legislative, regulatory or administrative provisions to holders of a given professional qualification shall constitute a mode of pursuit. Where the first sentence of this definition does not apply, a profession referred to in paragraph 2 shall be treated as a regulated profession" (art. 3). In general, the regulation of a profession has the aim of assuring the quality of professional services in the public interest. The regulation of a profession involves the setting of standards of professional qualifications and practice, the keeping of a register of qualified persons and the award of titles, determining the conduct of registrants, the investigation of complaints and disciplinary sanctions for professional misconduct. The regulation can be applied to both the job market entry (the need for specific degree titles) and to the roles and activities that the enrolled professional can carry out. The regulation of a profession can be specified by national (or regional) state laws, by either compulsory or voluntary professional bodies as well as by the European Community (according to specific treaties, directives, decisions) (Paterson & Ogus, 2003) . Taking into account the aims of the project in which this research has been carried out, the study was mainly focused on the analysis of the existing regulated food professions ruled by national laws and governmental authorities. On these premises we did not included those created by voluntary professional bodies (e.g. the Institute of Food Science and Technology in UK) even if they also focus their activities on the certification of the quality of their professional members.
Data collection
Information on FST regulated professions was gathered by contacting unions, professional associations, public servant categories/professions, as well as by visiting national and European websites hosting databases of regulated professions. The data collected for each regulated profession were: country, training/education required, date of implementation of regulation, professional training (if required), capability test (if required) and acts required by law to be signed by a regulated professional. Only professions that required a higher education diploma were included in this research (articles 11d and 11e of the Directive 36/2005). This research did not include the profession of teacher, safety inspectors and engineer when regulated in general terms, i.e., just the use of the engineering title. After the identification of FST professions, the mobility of FST professionals in Europe was analysed to understand if there was any influence of regulation on the mobility, a crucial aspect in the EU policy. The study of the regulation of FST professions was completed by a comparative analysis with the non-sectorial related professions 'Nutritionist' and 'Dietitian' and a comparative analysis with the sectorial profession 'Veterinary Surgeon' that have some overlapping fields of activity with FST professions. To develop the topic of regulation in the future, we have given an overview of regulatory instruments, of public interests for regulation and of institutions for implementation of the regulation that must present in the discussion of regulation on these premises.
Results and discussion
Food Science and Technology regulated professions
Identification of professions
According to the current EU legislation and the European Commission regulated professions database (http://ec.europa.eu/internal market/ qualifications/regprof/), there are four professions that include in their title the term "food" (either in English or in the native national language) regulated in some EU countries, namely: Food Inspector, Food Chemist, Food Hygienist and Food Technologist. Based on the definition and competences of the regulated activities it appeared that the first two are professions strictly related to food inspection, which is out of the scope of this work, while the third one is more involved on medical activities not exclusively focused on those that characterise the FST professional.
Only the 'Food Technologist' profession was recognised to fit the scope of this study. The "Food Technologist" profession is regulated in four countries: Slovenia, Iceland, Greece and Italy. Oenologist, highly specialised profession in the area of wine production sector, was the other FST profession found in three EU countries (Italy, Portugal and Spain). Apart from these professions, the Food Engineer profession was found to be regulated in Turkey (Table 1 ). The analysis of the database (July 2013) highlighted the limited number of regulated professions in the FST sector and their heterogeneity. For some of them the regulation limits the competences of the professionals to specific activities and/or fields or professional sectors, with a meaningful different impact on their role in the society. This is the case of the approach of the regulation of the food-related professions in Slovenia. In this country only the "Food Technologist in the health sector " is regulated as the 'profession' according to the EC Directive 36/2005, whilst it is not regulated when this profession is carried out in all the other professional sectors (e.g. industry or consultancy). In Slovenia, "Nutritionist and/or food organizer in school sector" is a regulated profession (at the levels defined by Article 11d and 11e) that also refers to activities applied only to a specific sector (i.e, schools), not to a wider field of service. This example indicates that the regulation of food professions in some countries has been developed only on the basis of either specific skills and professional competences or the sector where the professional applies them (e.g. health, education, industry) likely as a consequence of a specific demand. In this regard, it has to be noted that the regulation of these professions was driven by specific ministries (e.g. health and education) that need to assure and guarantee the health and wellbeing of the citizens by the employment of professionals with recognised and highly qualified competences.
On the other side, in Italy, Iceland and Greece, the national authorities have developed a different strategy and regulated the more general "Food technology" profession taking into account the wider scientific and technical skills and knowledge in the food sector. In general, national law and government acts of the recognised food technology/engineering professions determine access to the profession, their activities and their market behaviour. On these bases a further distinction has to be made be- A possible cause of the limited number of regulated food technology/engineering professions in the EU could be the fact that in some EU countries the FST courses started as a branch of other well-known Higher Education courses whose degree was allowing access to already recognized professions (e.g. Chemistry, Engineering, Agronomy, Biological Sciences, etc.). This in fact has led to the regulation of access of the FST graduates and food professional to e.g. the agronomist, the chemist, the engineer profession and similar professions with an already recognized social status that have a correspondingly low interest in developing new, highly specific "food"-related professions.
Mobility of FST professionals in Europe
Directive, 2005/36/EC was issued to favour the exchange of professionals among the EC countries based on the definition of the minimum training requirements and on the tuning of the regulation. To understand the applicability of this scope to the FST professional, the number of professionals who achieved professional qualifications in one country (country of origin) and who applied for recognition in another country to practice there on a permanent basis was considered in the EC database of regulated professions. As expected also on the basis of the limited number of recognised food professions in the EU countries, the data available are scarce (and are also not complete for all countries) and only 14 cases were registered (2 for oenologist, 12 for Food Technologist), but it could be presumed that many cases of such cross-boarding have been not registered. On the other hand, in respect to the well and long-time existing recognised professions like veterinarian, chemist and medical doctor, the food technologist one is rather new in the field of professions. For the professionals of the countries where the food technology profession is regulated this fact could also represent a limit for mobility in other EU countries. Mobility of professionals in Europe and its potential impact on the job market, as well as on society, is not a justification for regulation, but it could be considered as a secondary effect and should be included in the debate of the regulation of professions as well as of the FST ones.
The Order of Food Technologist professionals in Italy: a case study
Since the end of 1980 in Italy, the association of graduated students of the Master degree in Food Science and Technology undertook actions aimed at achieving official recognition by law of the highly specific professional competences and expertise of the Food Technology professionals and in particular, those related to quality and safety of food products, food processing, management of food production and distribution, not covered by any of the already existing professionals in Italy. The interest to regulate the Food Technology professional in Italy was, thus, of both public interest (quality and safety of foods) and private as it could enhance the availability of job positions and consultancy activities for highly specialised Food Technologist professionals registered in the official board of the Order. The support for the regulation of the food technologist by public health bodies and food private organisations was minor because they were not able both to foresee the importance of the multidisciplinary competences of this professional category and in invest in highly qualified employees. The profession was eventually recognised by the Italian Ministry for Justice (Law n. 59, 1994) and the regulation act (Decree of the President of the Republic, 19 July 1999, n. 283 ) defined specifically the activities covered by the food technologist (FT) professional and the main structure of the Order comprising one national and 11 regional Board sections at which each FT professional has to be registered (www.
tecnologialimentari.it).
The Law and the Act regulate the degree for the access to the profession (Master degree /2 nd level degree in Food Science and Technology), the compulsory examination to assess the skills and capabilities of the applicants, the specific competences and activities of the professionals and the annual fee for the registration; it also imposes a code of conduct. On these bases, the law regulated mainly the FT professional as consultant but later on, two food industry categories (cattle and animal feed and foods for specific consumer categories, e.g. baby-foods, fortified food, food supplements) added the food technologist registered in the Order among those categories of workers that could be involved in the quality control and assessment of the processing as required by specific Italian laws. The Food Technology professional in Italy is nowadays regarded as a multidisciplinary, technical (not health) professional with impact on public health and whose activities respect a code of conduct that imposes an ethical approach in the work activity. This profession, however, is not recognised for job positions in the public health sector. Since 2002 when the national board started its activities, the involvement of its representatives as consultants in public entities and projects has progressively increased. In some universities the representatives of the regional boards are also included in the commission of accreditation/assessment/implementation of the FST programmes. The FT Boards have been active since 2001 and about 2000 food technology professionals are registered in Italy (data from July 2013). The regulation applies on a compulsory basis, for the FT working both as individual professional (consultant) as well as to those employed in some food safety organisations and authorities for which the registration to an Order is a pre-requisite. Besides the aforementioned, two food industry categories that require that the FT employed in their Quality Control/Assurance labs are registered by the Order of FT, for the remaining graduates in Food Science and Technology employed in the food sector, the registration by the Order is made on voluntary basis. However, the latter represents an added value when applying for a job position especially in public and private institutions dealing with health and food related safety issues. Currently, the regulation of the Food Technologist profession, as well as all the regulation of other professions in Italy, is undergoing a reform that aims to further improve the quality and value of the professionals.
Comparative analysis with other professions
Comparative analysis with the nonsector related professions Nutritionist and Dietitian
The identification and analysis of the currently regulated professions in the field of nutrition were also included because in some countries (e.g. Slovenia) the study programmes in the field of "Food Science Technology", "Food Safety" and "Nutrition" are linked (at BSc and even at MSc level). Until few years ago this was also true for dietetics/clinical nutrition, with people currently employed on these fields mainly studying in the field of FST. If one of the goals of all these courses is also the improvement of the study curricula so that they better fit the career paths and thus also the regulated professions; this has to be taken into account. Besides this, regulation in the field of nutrition/clinical nutrition/dietetics seems to be useful as an example of consolidated practice of regulation. According to European Commission regulated professions database, the profession of Nutritionist, Clinical nutritionist or of Food organizer (Directive 36/2005) is regulated in six countries (Slovakia, Slovenia, Czech Republic, Iceland, Norway, Malta). The profession of Dietitian (according to the Directive 36/2005) is regulated in 12 countries (Ireland, Italy, Iceland, Hungary, Germany, France, Finland, Denmark, Cyprus, Belgium, Austria and UK). The EU statistical data (not complete for all countries) of the number of professionals who obtain professional qualifications in one country (country of origin) and apply for recognition in another country to practice there on a permanent basis currently (July 2013) correspond to 100 for the profession of "Nutritionist" and 1047 for the profession of "Dietitian".
Comparative analysis with the sectoral profession Veterinary Surgeon
This profession, which is very ancient in the history of the recognized professions, is partially related to the field of FST, and belongs to the sectoral professions and benefits from automatic recognition by the Directive 36/2005 on the basis of harmonization of minimum training requirements that includes also other professions like medical doctors, nurses, dentists, architects, pharmacists and midwives. According to the EC database, it is currently under regulation in 32 European countries. It can be considered as an example of good practice, because of the professional relatedness and also high number of statistically registered crossborder decisions taken on professionals who obtain professional qualifications in one country (country of origin) and apply for recognition in another country to practice there on a permanent basis. From recent data (July 2013) of crossborder decisions, 6609 in total for all EU countries were registered. It is necessary to observe that the veterinary surgeon is considered a health-related profession and some of the activities that are done by them are overlapping with those recognized by the food technology professional (quality control and assurance of the food production chain of meat and milk derivatives, in particular).
Regulatory instruments
Professions may be regulated for different reasons and consequently in different ways and with different restrictions. As referred to before, professions are regulated if there is a public interest in assuring consumer safety and/or correcting asymmetry of information when acquiring the services of the professionals (Garoupa, 2004) . Consumer health/safety is the main reason for the regulation of the medical doctor and for the Italian food technologist whilst, for example, the information asymmetry is the main reason for the regulation of lawyers, where it is necessary to ensure that the consumer is acquiring competent services when s/he is not able to evaluate by her/himself the quality of the services s/he's acquiring. For example, adverse selection (because of the consumers' lack of ability to judge the quality of professionals) should be protected by regulation (Garoupa, 2004) . Various instruments are used to regulate a recognized profession and implying a series of restrictions that could be classified in five major groups (Garoupa, 2004 Entry restrictions usually refer to the academic qualifications. In Italy, the access title for the food technologist profession is the second cycle (or Master) degree in Food Science and Technology; an additional exam carried out according to an official rule is compulsory to assess the high quality of the future professionals. In Greece, the Association of Food Technologists requires only the first cycle on Food Technology as prerequisite for the food technologist profession.
Restrictions on advertising, fees and organizational forms apply also to the Italian food technologist professionals while they do not apply in the others here mentioned since their market for the commercialization of services is not the general public but private companies or governmental departments.
Restrictions on conduct are part of the regulation particularly in self-regulation, as is the situation of the Italian Food Technologist and of the seven wide recognized professions.
Discussion
Public interests for regulation
The main market failure that applies to professional markets is information asymmetry (Stephen & Love, 1999) . Under such conditions the market usually fails to produce optimal quantity and quality of the professional service. As a consequence, the economic efficiency is also limited. Besides this aspect, protection for the consumer of these professional services is necessary to guarantee quality. In summary, quality, confidence, honesty and trust should be achieved and thus optimal protection and safety for consumers of professional services and professionals as well. By translating the concepts of public interest in the field of FST (including food safety), it appears evident that the regulation of FST professions could be perceived as a need to better guarantee the quality and the safety of food production along the whole food chainfrom the farmer, food processor, caterer, retailer etc., to the final consumers, e.g. protection and/or contribution to health -, and thus also to keep public health at a high standard and public costs for health services as low as possible. Food safety is a main issue in the entire food supply chain with main concern being processed foods. In 2011 hundreds of thousands of food-borne disease outbreaks occurred in Europe (EFSA, 2013) and some of them with cross-border trade consequences and economic impact. The media, press releases and electronic sources, including social media and email, more and more facilitate the dissemination of the risk associated to foods and food production. The outbreak of Shiga-toxin producing Escherichia coli in Germany that occurred in 2011, was the last large outbreak in Europe but more recent ones can be mentioned involving both other pathogenic microorganisms (Campylobacter, Salmonella, Cl. Botulinum, etc.) and chemical contaminants. Information asymmetry is also an issue in FST services. Although on a smaller scale when compared with the seven widely recognized professions, nowadays FST services are acquired by particular "consumers" -e.g., some SMEs, restaurants -for which the lack of ability to judge the quality of the FST professional is a reality. A large company, with qualified professionals, may also be interested in hiring a FST professional registered in a professional association that guarantees his/her skills and expertise in the specific sector and his/her job activity according to an ethical code, possibly at a correspondingly higher salary. Until now, the existing regulated professions other than the Food Technology ones, such as Agronomist, Chemists, etc., may apply their professional skills and competences only in specific branches of the food chain (raw material production, food analysis, etc.) as the education and training as well as the career path of these latter ones is in general "sectoral", lacking the multi-and trans-disciplinary expertise of a potential Food technologist professional.
Institutions and organisations supporting the implementation of the regulation
The current state in EU highlights the main differences in the recognition of the regulated professions in the various countries. In some of them the recognition procedures were mainly driven by the government and/or specific ministry and sectoral authorities (which are not FST, but more general e.g. health, education). This is the reason for professional discrepancies, like the fact that "Food Technologist in the health sector" and "Food organizer in the school/education sector" are regulated professions in some countries, but "Food Technologist in non-health sector" or "Food organizer in the school/education sector" are not regulated professions. This shows that the authorities are mostly able to recognize only some specific expertise among the overall skills of the FST professional. This could be due to limited knowledge of the overall skills of the FST professional or to too high importance given to some specific skills. The role of professional associations in the recognition and regulation of FST professions can be crucial to the development of the FST professions. In at least three countries where the regulation of the FT profession was analyzed (Italy, Iceland, Greece), the professional associations and/or the specific ministry (e.g. for industry) and authorities are involved in active definition of collective agreement about the (minimum) salary. In Italy, the association of the master degree graduates in FST (Associazione dei Laureati nelle Discipline Alimentari, currently ALDAL, www.aldal.it), which was founded in the early 1970s was very active in respect to the recognition of the Food technology profession and they promoted its regulated profession. However, this approach could be different depending on the country and its economic, political and social state. Generally, the role of professional associations in the recognition and regulation of FST professions in EU seems to be poor (or even not present at all in some countries) and in general their activities are mainly aimed at favouring the relationship between their members as well as the maintenance of a high quality standard competence and skills by organizing training activities.
Conclusions
The current state of the regulated professions in the food sector in Europe reports a few examples of the Food Engineer, Food Technologist and Oenologist in a rather limited number of countries. The Food Technologist in Italy and the Food Engineer in Turkey were found to be the only completely regulated FST professions in Europe. Food production and professional regulation have evolved over the years and raised the debate on the regulation of FST professions. Moreover at European as well as at national level there is a main political debate on the reform of the overall regulation of the professional qualifications along with the Directive 2005/36 with general proposals that are envisaging an overall deregulation to limit the restrictions on mobility. Despite of this "in progress" state of the regulation of the qualified professions, it is important to encourage further discussion on the potential and role of food-related professions with the involvement not only of the academia but also of other policymakers and authorities at national and European level. This will contribute to keeping high the standards for quality of education and training of these professionals and improve the quality and safety throughout the food chain and favour its modernisation.
